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PREFACE

This study was conducted under Task 771918. Selection and Classification Technologies. The
research focuses on the development of procedures and techniques to refine and improve
measurement devices used in the Air Force operational testing program.

This work represents an attempt to refine the aptitude indexes of the Armed Services
Vocational Aptitude Battery (ASVAB). thereby improving their predictive accuracy and
consequently the utility of selection nineisures. This effort supports the suhthrus area Assessment of
Personnel Qualifications, tnder the major thrust area of Manpower and Force Management.

Accession For

14TIS GRA&l
DTIC TAB
Unannounced

Justification

Distribution/

Avallabil1ty Codes

Avail and/or
Dist Special

Ai u-



TABLE OF CONTENTS

Page
I. Background and Introduction ..................................................... 5

I1. A pproach ...................................................................... 8

Sam ple Population .......................................................... 8
Predictor/Criterion Variables ................................................. 8
M ethod ................................................................... 9

Ill. Results and Discussion .......................................................... 10

IV. Conclusions and Recommendations ....... ........................................ 16

R eferences ......................................................................... 17

LIST OF ILLUSTRATIONS

Figure Page
I Schematic representation of depressing effect of similar criterion

range on overall validity coefficient computed across
school requiring different levels of aptitude ..................................... 6

2 Schematic representation of higher validity coefficient
attainable if different level schools are placed
on same criterion metric by adding constants .................................... 7

LIST OF TABLES

Table Page
I Groups by Aptitude Area and by Entry Level ........................................ 8

2 Comparison of Uncorrected Validities. Three Prediction Composites
Against Technical School Final Grade ......................................... II

3 Comparison of Corrected Validities. Three Prediction Composites
Against Technical School Final Grade ......................................... 13

4 Improvements in Prediction by C2 Composites. Base and Target Schools Compared ........ 15

3 . . . 2 6AW-tr ."-.



WEIGITING OF APTITUDl)E COMPONENTS BASED ON DIFFERENCES
IN TECINICAI. SCHOOL )IFFICULTY

I. BACKC;ROUND AND INTROI)tUCTION

The use of the official aptitude battery (called by various names over the past three decades) for
selection and classification of Air Force enlisted personnel has always taken the form of computation and
interpretation of four or more Aptitude Indexes (Als) (Weeks. Mullins. & Vitola. 1975). The use of Als
appeared in the first Air Force aptitude battery (AC-IA). It was not administratively feasible in 1948 to
produce a unique composite score for each Air Force job. but it was assumed that differential aptitude
composites were desirable. Job clusters were developed on the basis of subjective judgment and job
analysis data. Through study of test results, scientists formed clusters of tests (Als) which were reasonably
homogeneous internally and predictive of success in schools in the separate job clusters.

During succeeding years. various changes in composition of the Als have been made, mostly by
administrative fiat. so that at the present time the current enlisted aptitude battery produces four Air
Force Als-Mechanical (M). Administrative (A). General (G). and Electronic (E). Along the way, a great
deal of research has been done on the enlisted aptitude battery. but few studies questioned the
effectiveness of the concept of M. A, G. and , aptitude indexes or explored novel ways of weighting
subtests to produce the M. A. G. and E composites. This study addresses the utility of a different method
for weighting the M. A. G. and E composites.

Historically. subtest weighting has been accomplished partly by science and partly by artistry.
Through various multiple correlational techniques, an optimum weight has been derived within each Air
Force Specialty for each subtest score against final tec'hnical school grade for that specialty. Then the sets
of weights for specialties have been scrutinized within a particular aptitude area (say. M), looking for a
minimal set of predictors which consistently exhibit positive non-trivial weights across the entire area.
When such a set has been found (three or four predictors), the weights are all rounded to 1.0, and again
multiple correlation coefficients are computed between school grades and these unit-weighted predictor
variables to see if the validities are holding up after conversion from optimum weights to unit weights.
Ordinarily. little is lost by converting to unit weighting (see Wainer. 1976).

One problem. however, has been recognized with this s stem. Different s 'iools within each aptitude
area require different Al levels lo qualify for entry. For example. some A schools require only a score of
10ttlh percentile for admission. wlhle' otlhers require the 80th percentile. Both schools, however, give grades
on the samle apparent scale. fror 71) to I00. even though the A80 school is undoubtedly much more
difficult that theA ) s'hool. Therefore. a final school grade of 82 would refer to a lesser accomplishment
in the %I.t W hool thane it would in the A80 school. When validities are computed and predictor weights
assigned avros. vtire aptitud,. areas regardless of school level (see Figure I). some method is needed for
adjusting mhool grades in imli% ilual schools upward or downward as a function of the prerequisite levels
of abilits ( \ Ill. V5o ... A80). Such a method would ensure that graduates of A40 and A80 schools have
Criterion wc.ores based on the arne metric. In short, if it could be done. predictor weights for subtests
%,ul b. vemore accurate. and Al scores could be computed which would be more efficient than they are
nu. The. probl'm. tien. is ho to estimate what the school grade of the A81 students would have been if
the% had laken the \ I.W course and if there had not been a ceiling score of 100 on school grades.

F-.I.".. . PAGR E 1.... .. .i . .
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Figure 1. Schematic representation of depressing effect of similar criterion
range on overall validity coefficient computed across

school requiring different levels of aptitude.

When restated in this form, the problem almost resolves itself. The solution is to find a constant that
can be added to the school grades of A80 students to reflect the difference in difficulty between the A40
and A80 schools. Such a constant should improve the situation in the manner depicted in Figures I and 2.
The computation of this constant requires only that the mean school grade of the A40 school be known
and that an estimate can be made of the mean school grade the A80 students would have earned if they
had attended the A40 school and if the 100 score ceiling were removed. Such an estimate can be made
reasonably well by computing the best Al in the A40 school from available predictor information. This Al
is then used to predict the grades of members of the A80 group. The difference between the mean of the
observed criterion grades of the A40 group and the mean of the predicted grades of the A80 group
provides the required constant. This constant is then added to the criterion grade of each subject in the
A8O group to provide a raw criterion metric so that grades of all students (both A40 and A80) are arranged
on the same criterion scale.

The formula to derive the new criterion K score is as follows:

K Gj + PCT - 7"B )

where

Kj - the transformed grade score of person j

(; = the observed grade score of person j

0)
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Figure 2. Schematic representation of higher validity coefficierit
attainable if different level schools are placed
on same criterion metric by adding constants.

= he inican of thet corn pesi te scortes general t'd for sitadetn ts in the Base grnou It(he grotup
- ~~~in whtich the predicntol e'otinposite is genle rated - i.e.. the A IA groupI in 1he abhove

7.1 1he tnean tif ftn' coitosite scores genterated for subjets itt a Target group In aly1.ing

weights (Itvelopeti in the Bast- grotip (the T'arget grotup is the groutp to wichw the
crite'rion grade correct ion w4ill he- app1)i jet. In 1he it abv ltiit txanti plt. A80t wott Ib e the
Target group).

k hen lir stores on the K criterion have been torniptted . the situtat ion dlepicted in Figtare 2 will havet
beetn achieved. alid alt adjtisted criterion will htave heconte available for use in developing new weights for

tihe available pretliclor variables. 'Flit'- new weights c-at he tiseti to establish a new aptitude comtpositte
w'h ichli aN reasotta hI he e Ipecet' to predict suiccess ttrtgliou t ih' alititotde area. di srtga rd i g level.
btetter thatn alil stt (of ... i.. ts toinpui ett itt it' conttve'nt ionl wa-t.

Two 4 sets of weightts are comipttted. The first !.et votit's front predtlict intg the atutal grades (it jolst Ite

A~ to? grottp antd is dlone onl% as an iutte'rinediateste'p to detetirtie fte constant used t) aejnst the gradtes of
the A80 grottp. The' st'ttatt st't 'f %4e ightts conlies front ptred ictting a t'ott inina ti of I114 actutal grades on the

14I1 grnp ansd thett adtllisteel grades ton Ite %80 grouip. Thliis secondl Stt of weights dlefi tits th li' it1 apjt it tdit



%fter flit- new %eights (against the K criterion) have beeii estabhiished and composi10te aptIitudescr.
haw eenl com puted for all sI ode n s iin fte st odv it is niecessarN it) ch eck emipi rica Ilv to) see w bet her flit-
nie% comlposi tes reallI do pred ict actualI school grades bet ter thani (do flie, ol( Olies. The obj ectivye oif thlis
-Iudth was to develop ne4w WeightIs for apt ituode corn ppo it es comoputed1 from K -e i eriooi scores for a sam01pie

of flit- 1)0111 itlol amli to cross-apply these weights to a ut her sampjile.

It. APPRtOACHt

Sample Population

Thei sa mpie di)si sted of all a irmlen eli niig f lie- A ir F~orce Iet 4el) Jan ia r% 1977 and Sept'embher
1 97). on % Iioin solt est a I) Al scores oni Armed Services V'oia lion a I Apt ituode Ba tt er% (kS% % XB) Forms 5.
6). or 7, am nid mril aJ eE hn a I Ira i ing finalI school grades were a vatIla ie. School4) failutres, were om))itt ed
from thle -amp 1 le. as well as all sub ject s ini schools where the to tal 11111her of gradIoat es dli rioig this 2-N ear
pe rio 4%1 4as less lhi 50( . lot al N for f lie, saml)ie after all iiecessa rN (elel io s was 88.19. O f these. I 0.71I5
Were grad nales (if' cihook req tiiiig mlilpe apt ituode pre reqiisites (e.g.. E80 ao 11~60 ). airid 68. 1t Aewire

from I111) mihiok %ith mil%1 a sinigle p rerequois ite (e.g.. %o( ). The I19.71 5 ti hjects iin schools %4ith munitlt ipIle
prerequites were arliitraril% called V. and all ioiiplitatilon and data miaiiiptdiiin applie~d to the NI. the

A. wle .11141 ile- F - o ject. were also.i appl11ied 14o thle \ so hject 5 (e len thlough this g rouiip lclls isted (if M . A.

(.and F' ubhjecf intermiii rglid ).

Thie stilij ect s ini ealli sch ool %4e re ra niid d~ iv ided equally 1111 at compu)ltin~g (C) suilisaitipli. and at
iriiss-valilat ion (N ) -lilisaml)l. me, itii each subisample. schools wAere combined to form thle grouips
sbo1 iti Table 1.

Table 1. G;roups by Aptitude Area and by Entry Level

G;roup N (C +V) Group N (C+ V) Group N(C+V')

M11.0 8 .3 9 5 a G;40 3.530 E50 1.852
M50 8.079 G45 14.271a EOf1 1.134
A44) 7.25 9 a G50 154 E80 10. 322 a
A50 224 G60 8.710 X40 5.078
A(OO 2.251 G65 121 X50 1.260
A70 205 GII0 74-3 X6 1 3 .3 71a

A80 1.204

amrgroup. All others are Target grouipp.

Predietor/Criteriion Variables

nti followinig variables were available~ (or %ere I VH ifed) of) each stibjecl:

1.Tech nicalI school final grades. grailuiateus 1)1)11

2. %S%* %13 stiliest score - Numh~erical Operationls
3. %S ABl sti Ilfl sc ore -A I Iili on to D eta il



%S% W I~1 suht,'t score-'- orul knowledge
%S% %B slst s core'- %ritliiittt Readsointg

('. V"\ 1 H Vs hI .'W0T - t'- S)ate Pt-Titption

%S\' Wtl -ilitest -cre it'- etOwiv- Cnomrehesion

B . \S\ %Bl stalest score'-.ehora Inforaton

1 3. \.S\ AB sub~It.e-t score-( e'ltral Sience1t

I t. M e hi cali~rtt~ % L . as o ve tin all derived.

I 7. E.let'troni j( I. as vot~eti onai\ ' d ri ved .

18-51). Eduncationial I ariabIt1..li Thes ia ri a Ies were (Iicliotontons. scored I if' lie sub ljec h ad
siaece-.'fn Ii (toiled tt't'l. Spectified publlic schlool course'. zeroi ot Ierw ise.

00I-61 . P~redictiont compitet.s C: IM. CI k. ( 1G. CIE . atnd (:1 \. oinpiitd against Ile k
criterion uing oniI thle VS\ \B~ stiblvt'[ scores (\ arialtles 2- I3).

00-9.Prediction cuittno-ite- ( :2\1, (:2 %. C(:2. (:21. and C2\..computed agaii~ the k
criterion n-long tihe -ithte't scores and] tihe educiational % ariabtles (\ ariahtles 2- IH.

18-59).

Ilethtid

The k criterion was computed in the C subsamnple of the MI Base Group (Mitt schools), and applied in
[he Target G;roups (only one in this case) of that aptitude area to get the constants for correcting the final
school grades of each subject so that all members of M schools were placed on the same criterion (the K
criterion) metric.

This procedure yielded a single' criterion for all miembers of the( MI aptitude area. regardless of level.
The levels were then coitbined. and within the M aptitude area. another R2 was computed in the C
subsamnple: this one. between thie K criterion and the 12 predictor subtest scores taken as a set. Using the
weights emnerginig from this exercise. a new Mechanical Al score (called (2CIM) was generated for all
subjects in all .'ross-validation subsamnples (A. G. E. and X as well as MI). This completed the development
of the (c i composite. Theu, samie procedure was repeated in the A. G. F. and X groups to generate' CAA.
(:l(. (:IV. and CIX for all subjects.

The procedure described in the previous two paragraphs was repeated. this time using the' 12 subtest
scores plus the 12 educational variables as the set of predictor variables. The prediction c'omposites using
all these predictors were designated as C2M. C2A. C2(. C2E. and C2X.

At this stage. thiree different sets of Als. or predictor composites. were available for comparisotn in the
tross-validation sample. namekN. the four composites generated in the traditional wat, (MI. .. G. and E).
the# five C:I composites generated using the. k criterion and the subtest scores only (CA M.( CAA. Cl C. CI E.

and CI X). and the five' (C2 composites generated against the K criterion ulsing the subtest scores plus the

'lt thise %lodi the MI. %. tG. andl F aptit itle cetnciwett" wt'rt' re'computted ande ww-ed in raw -onre (not ,wre'ntie) forin. C onve'riohi

1treetetiii- with %S%" %Ht 0 fidt7 weecett not affe-it the re',eutt, of the.tedN.



eduncatijonail variabiles ( 27i ( :2A. C.2(;. ( 2E. and ( 2\ ). Valid iti l'llmlarisois were made in fltil N

s iibsa inple bet weeni the stanida rd Al s and the t I and (C2 i wnposi ft.'s to dete~rine whiethie'r or not flte CI
arid/or (:2 c'0o1posi tesu iroved preict(ion of' finialI school grades in indivlidunal s('hool-. andl if so. ho1 w

munch imin ro ment occuirred.

Naidf cefiie li aga ins-t school grades were Conipilled I'it hiii eaci of' the 11I9 school01s. The#
ti ncorrevIed la Ildit ies of heiAl Us. flt, Ce compos(( it O es. and th C~(2 composJiites are- Ml(11mn ii) Table 2. The
sainie va lid it ies. colrrect ed for at tenunati on III selection1 (Gui lford. 1 930. formllli ae I 3.29 and HA 1i.3 .p. N 1)
are s holwn in Ta ble :3. 'I'l following obserla lions are ohb'ionis f'rom Tablde 3:

I1. Thiere is len. little di ffe reince' bet ween1 the (C1 and (2 comIposit es. %a lid iies( ave raged (Il sinig R tol
Fis hers Z trailsformiat ion) ac ross all schiiook were .59 for lie CI compoJts i tes a iid .6oi f'or flte (:2 compoites.*

Tol imp lrove %a ii (ities It%, all av~erage of Ioiil .011 is iil worth usinig 1,2 additimial predlictolr %arialies (fte
educatioii variabiles). For tiite rest of' tIbis rep ort. comiparisons.ill lhe miadIe oil l~ etw fli1t oi m-nltillral

kis and~ the CI compi1 osites.

2. r're' is worthwhile impl1 rovemienlt. ovrall, in ll t- predictive eficnieiii% of* the CI1 conijosites as

(olli1pared with AL compuilljited in the traditional imainner. ks mlenltioned in lt 1 ireiiils piaragraphl. tile-

01era II ale rage a lid it, of' flte CI coinposi te. atcross all I119 schools. Aas a.51. T'he alverage' lalid itN of f lie- .%I!

across all schools was .511. It shllld hel iioted. holwvler. tihat tihe imphrovemlent ill predict(in uin~ig tile(.1:
corlipifies mla,. nlol be enitirell% attribuntablle to thi A ne aN (d' corn;Ining tilt' CI compo1 Isites5. i-ilig tile K
criterioni appiro~ach. Thiere we're at leastI otheltiIr didlere'ilIs bet ween flte formation oII the tradit ((hal Al,.
aiid ft- CI comiposites, F'irst. all ASN AlB stil.its uere tise'I to l'orlfitl- (A complJosites. w hervas o(111%

selected sub se'ts of so btest s'I res are- ii sid to f'orii tile trad it ion al Us. Seco iid. tile 5(1 ltest sc ore-
CO111pri Sinig ftl .Is we re un11it weigh teId. whel(re'as f lie- CI compos1 iste' was f'ormved bN opt imal we'ight inrg oIf all
1 2 ii bte(St scores. Expe iiriencfle ind ica tes thFat. ini a (ross- Ia lid at ion sa inplv. opt imal 11'igilt s roduc ve1 4(rI

little moi~re plredictioIltiaii oil %eighlts and( that, at leas't ini most1 sitiuatiolns iilvliilg a large Jiredilor set.

wll% a I er% few 11aria blts hal-e weights IsSignilicant111 di fferen ill roi zeIrol. IFroil a lpraolta stanidpoinmt. tllt'

iportanlt fact is thiat compo)lsite's comiIeIId ill thle maniner of' till CI compoi1 lsite's ar' more effic'ient iin

predictiing sli'icvs oif airumenl. for wihatever re'asonii. Still, It is imilportanit it) nnder-ta id molre' ('lacl I14h, fiit'
CI comilposites are' slhllerilr toIltll' Uls compllll flit-l listial mlannelIr. \ reailal~sis oif' tiiese data %411ill't

predic'tor so-is ill fo~riing the CI1 compoJIsite's.

3. The1 lalidlivs of1 (:IM. CI \. (lG. CIE. andl CA are- all %er\ simiilar. re'gardle'ss (of whiat is bi(iig

plredicte'd. For e\amleI. theIre' is %e-r\ little iallanage iii liiii li tl CIM compi1 11itl' 14l predict 511lfI5 in ill'

mec'lhianic(al area: CI \. (It . CIF . and (:1\ all do abouilt l'(1lall well. '[his is ant ititerestilig findinig. It
seems11 it) a rgi Itii tha success5 in1 (111 a rea is s(imil lar tol sullce(ss in lothier are-as. \lso. di fferenit ial p redition b%

(MvNeittar. 1960). largI illisoprI . ( lrtaiilll ill this stilud..1 ilI'rI tit artificial I(Illrokl %ere impl~osed on

till m-4-lttillll and( w'igiitiiig ofI I libtest scores. theIre' is little lt cihiose allIig ftl (11 M. \. G. and FK

C0l1oile~liIs. wilatel rerIil is 1 lrIdiciiilg. %%erage laliditie- of till %arilols composl~iites are' gill. II'. ajitiludl'

are'a. ill 'rablt 3.

coriveiiial Uls. f'oriv'ed iii at t heo'rtical frallidork rat ionlall lle-igied to mlal imize difI'rel gl I alidit\
are' (lot gI'ilrall.% lI'r-N111 c incirg lil 'Ihil-ailiatiiig diffe'renitial pirledictimi a a plractic'al goal Iif tes't

coii~tucItn

N



Table 2. Comparison of Uncorrected Validities, Three Prediction
Conilmsites Against Technical School Final Gradea. b

l:onlveil onal 1 C:2
Cobmlml"IS Comimmiles (Cimpohihe.

.chool M A E M A 41 E X M A E; E X

M S hools
II l\ )0150) 35 to) 53 44 63 415 ,3 W4 N)5 6i 41 .t4, 6h .6 7
i4,l x\ (M tI)1' 23 22 241 31 I 31 39 11 ti4 17 M3 14, 14. 141
;.11 \ I (M.14))B '12 28 :341 23 to :17 3'4 37 :i Ill 141 11 A9 I 15
123\ I (M 1O)It 15 25 1t i i 58 51 57 55 141 5l.8 -1 .7 5, ,i
123\3 (M 1ol 13 12 31 12 51 i 5 5 12 -1 53 1 W 5' .1
t2fi\2 (M 41 It 6 2 11 13 7 05 .fi 56 57 58 W.8 5 "1 5l1
127\I (%1544) 3 i1 5I . 1 52 "1 5l )0 52 .5 51

) 
2 . 51 51

127\3 M 141) it I I 8 18 I 1 I 15 Ili 1.15 17
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When individual aptitude areas, individual levels, and individual schools are considered, the K
criterion technique finds even more utility. The average of CI composite validities for M schools is .55: the

average conventional M aptitude index is .44 (see Table 3). CIA averages .55 for A schools, whereas the
average AI-A is only .28. The average CIG (for G schools) is .55. while the average Al-C is .52. Finally. the
average CIE is .65, compared with an average AI-E of .57. Certainly in the M and A areas, the CI
composites are superior to the Al composites. In the G area. the CI composite is slightly better than the Al.
and in the Electronic area, the difference is well worthwhile.

The largest inprovement is obviouslv in the A schools. and a close scrutin. explains wh.N. Of the 13 A
schools. tie AI-A composite yields the least prediction of all the convenlional Al composites in nine of
thein (09",o). In fact. in ever, tne of the A schools. the conventional AI-(; appears to be a better predictor

than Al-A. In no other aptitude area is this true. Taking into account that the A schools comprise 11.113
subjects (a very large sample). the development of a new Administrative composite would seem to be
worthwhile, even if the Als continue to be computed in the conventional way.

Considering levels within aptitude areas, the Base groups (that group ini which lite weights were

derived which were then applied to the target groups) would be expected to produce higher 1 validities

than the Target groups because the equations that were instrumental in producing the K criterion were
derived in the Base groups. If the C validities of the Hase group are substantially higher than those of ite

Target groups. more benefit would be expected from using the (1I composite with schools at that level.

However. the evidence argues the opposite ease.

In the M area, the average Al-M validity for the Base schools is .I.5 and the average Cl-M validit, for

these schools is .54. an increase of .09. In the Target schools (se 'Table 1.). the average Al-M validiti is .1t
and the average (:1-XI is .56. an increase of .15.

Table -1. Improvements in Prediction by C2 Composites.

Base and Target Schools Compared

Base' Target

Schools Schimis

A\I(M) .15 .1I

CI (') .5t .50

Iifference .09 .15

AI(A) .35 .25
CI (A) .51 .55

)ifference .19 .30

.AI(G) .o .52

C I (G) .12 .55

IDifference .o2 .03

A IE) .57 .50

(:1 (E) .665 .0,

Ilifferenc'e .08 .1It15 I
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